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demonstrated by one of us (H. H. Dixon, Notes from 
the Botanical School of Trinity College, Dublin, vol. 2, 
pp. 5 el seq.) in the case of 1 'ilia microphylla, Syringa 
vulgaris , Salix viminalis, and Philadelphus sp. 
Similarly, Luise Birch-Hirschfeld ( Jahrb. /. wiss. Bot., 
Bd. 59, pp. 171 et seq.) has shown that a solution of 
lithium nitrate may be carried considerable distances 
downwards in the reversed transpiration stream of 
various trees, shrubs, and herbs. 

Naturally the question obtrudes itself as to how a 
downward current of dissolved carbohydrates is pro¬ 
duced in the wood which is also the normal channel 
of the upward transpiration current. The subject 
calls urgently for investigation, and it may not be out 
of place to mention some of the hypotheses which 
must be tested. 

If it could be shown that the wood of the vascular 
bundles were divided longitudinally by more or less 
impermeable partitions into isolated tracheal strands, 
we might suppose that the tension developed in the 
water in some of these strands by transpiring cells, 
while raising the sap in these, might draw down solu¬ 
tions ejected by adjacent cells in neighbouring strands. 
No such vertical partitions have been described, unless 
the late summer wood or the vertical plates of 
parenchyma in the leaf veins and petioles be regarded 
as such. With such longitudinal partitions a con¬ 
tinuous and contemporaneous upward and downward 
transport might be developed. 

An intermittent downward flow might be explained 
if we could obtain evidence of a periodic or occasional 
development of permeability in the protoplasmic 
utricle of the transpiring cells. This might be de¬ 
veloped in response to any stimulus, e.g. the mounting 
of tension in the adjacent sap above a certain limit. 

The periodic mounting of tension with consequent 
contraction of the stem, which is indicated in the 
experiment on the potato plant quoted above, has been 
established by the elegant observations of Mallock 
(Proc. Roy. Soc., 1919, vol. 90, B, pp. 186-91) and 
of MacDougal (“Growth in Trees,” Carnegie Institu¬ 
tion of Washington, Washington, 1921). These latter 
show graphically the change of volume of the woody 
stem of forest trees corresponding to the diurnal 
period. 

Again, the deposit of dew on the transpiring cells, 
in conjunction with a high tension, might determine 
a downward flow in the tracheae, and, with suitable 
modification of the permeability of these cells, this 
downward stream might be charged with dissolved 
carbohydrates. 

It is quite evident that the tension assumed here 
may be developed by temperature changes of the water 
in the woody tissues and by recovery from flexure 
just as well as by evaporation. That tension is really 
responsible is indicated by the experiments quoted 
above, and also by the fact that no transport occurs 
from cut leaves floating in water. 

If the view that the longitudinal transport of organic 
substances takes place in the tracheae is established, 
speculation naturally arises as to the function of the 
bast. While the form and arrangement of this tissue 
seem to preclude any important longitudinal trans¬ 
mission within it, its large peripheral surface and the 
area of its contact with the cambium and medullary 
rays seem to suit it for the transmission of organic 
substances in a radial direction. In this connection 
the medullary rays may have the function of discharg¬ 
ing into, and extracting from, the tracheae organic sub¬ 
stances which are transmitted to and from them by 
the bast. The observations made by Atkins and one 
of us that the concentration of carbohydrates in the 
conducting tracts often diminishes from below up¬ 
wards suggests that these substances may be extracted 

NO. 273O, VOL. IO9] 


from the transpiration current in its upward move¬ 
ment (H. H. Dixon and W. R. G. Atkins, Notes 
from the Botanical School of Trinity College, Dublin, 
vol. 2, pp. 335 et seq.). The presence of starch in the 
medullarv-ray cells in many plants at all times of the 
year suggests that the carbohydrates are fixed in these 
cells as starch. Solution by enzymes of this starch in 
response to an upward or a downward movement of 
the water in the tracheae would provide a mechanism 
for the upward or downward transport of these sub¬ 
stances in the transpiration stream. 

It is hoped by experiments which are now in pro¬ 
gress to throw some further light on this fundamental 
problem of plant physiology. 

Henry H. Dixon. 

Nigel G. Ball. 

Trinity College, Dublin. 


Lunar Periodicity in Reproduction. 

It is a common belief in many fish-markets around 
the Mediterranean and in other parts of the world 
that the amount of edible matter in sea-urchins and 
certain other invertebrates varies with the phases of 
the moon. The animals are said to be “ full ” when 
the moon is full and “ empty ” at new moon. This 
belief was recorded by Aristotle, Pliny, and other 
classical writers, and was stated by them to apply 
not only to sea-urchins, but also to oysters and other 
molluscs. 

During the summers of 1920 and 1921 I made syste¬ 
matic examinations of the gonads of an Echinoid 
(Diadema setasum) at Suez with the object of testing 
the truth of the popular statement. I found the latter 
to be founded on fact to a surprising degree. There 
is a periodic reproductive cycle in this species, of 
Echinoid which is correlated with the lunar period, 
the genital products being discharged into the sea 
at about each full moon during the breeding 
season. An examination of the testes and ovaries of 
a number of individuals between the first quarter and 
full moon shows the majority to be swollen and 
full of mature spermatozoa or eggs, while a lesser 
number are “ spent,” i.e. show evidence of having 
lately extruded their genital products. A week later 
the relative proportions are reversed. Some in¬ 
dividuals have gonads still full of spermatozoa or 
eggs, but most are now “ spent.” Between the third 
quarter and the new moon all gonads are shrunken in 
size and contain nothing but developing spermatocytes 
or oocytes. From now onwards until the first quarter 
of the next moon these cells show progressive stages 
in development into spermatozoa and eggs which are 
to be spawned at about the time of full moon. 
This lunar cycle is repeated throughout the breeding 


eason. . , , ,* _ 

In seeking a causal connection between the 
eproductive rhythm and the lunar month an influence 
f the tides first suggests itself. But whereas there 
5 a single reproductive cycle in each lunation, there 
re two spring and neap tidal periods, i.e a double 
ycle However, during the summer months at buez 
he new moon spring tides have a greater range than 
hose of the full moon, so that the maximum tidal 
ange is attained only once during each lunar month, 
rhe higher and lower water at the new .moon spring 
ides might conceivably react on the. Echinoids by the 
Afferent hydrostatic pressure (affecting, e.g., the ten- 
ion of dissolved gases) or by causing the animals to be 
it a greater or less distance than usual from the 
ource of oxygen or of light.. But the average excess 
idal range at new moon spring tides over that at full 
noon spring tides during the period studied was only 
8 cm. This small difference could scarcely affect the 
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urchins, for they are not sessile animals, but move 
actively, their vertical range of migration during the 
course of an hour being far in excess of this figure. 

The possibility of tidal influence could be tested by 
keeping urchins in a floating cage. If the lunar 
reproductive cycle were thereby abolished, the tidal 
connection would be demonstrated; a contrary result 
from the experiment, however, would' not dispose of 
a possible influence of the tides, for an established 
rhythm in a physiological process is often persistent 
after the original cause has been removed. Unfortu¬ 
nately the experiment was impracticable with Diadema 
owing to its size. Full-grown specimens measure 
more than one foot from tip to tip of the spines, 
and it was impossible to obtain large enough floating 
boxes to contain a hundred or more individuals. I 
intend, however, to seek further evidence regarding 
the possible effect of tides by studying Echinoids in 
localities with greater and smaller tidal ranges than at 
Suez. I am convinced, though, that if a similar lunar 
reproductive cycle exists in the sea-urchins at Naples 
or at Plymouth it is very little pronounced; for I 
have made use of the Echinoids at these places to 
obtain spermatozoa and ova for other experimental 
purposes for months on end without ever noticing a 
rhythmic variation in the condition or quantity of the 
genital products. At Suez the period in each lunar 
month when spermatozoa and eggs are unobtainable 
would necessarily force itself upon the notice of the 
investigator. 

The possibility of a direct effect of the light of the 
moon on the Echinoids could be tested by keeping 
specimens in the dark. Although the large size of 
Diadema again precluded this experiment at Suez, I 
intend to carry it out in another place with a smaller 
Echinoid. If the light has an effect it must necessarily 
be more constant in the cloudless summer nights of 
Egypt than in Europe. It was thought possible that 
the light of the moon might act by causing the urchins 
to feed either more or less than usual on moonlit 
nights. A systematic examination of gut contents 
showed that this was not the case. 

Other marine animals popularly believed in Egypt 
to vary with the moon are mussels and, crabs. Con¬ 
trary to the case of the sea-urchins, I have found these 
beliefs to be without foundation. 

Now it is obvious that the periodic spawning of 
Diadema must be reflected in the plankton of the Gulf 
of Suez. The plutei must vary in quantity and in 
stage of development with the phases of the moon. 
By an examination of plankton from different parts 
of the world I hope to discover which of the animals 
having pelagic larvae show a lunar reproductive cycle. 

The best known example of lunar reproductive 
periodicity at the present time is the Palolo worm. 
In the South Pacific these Polychaetes swarm at the 
surface of the sea to discharge their genital products 
at the third quarter of the October and November 
moon (Friedlander, Biol. Centralbl., 1898-1901). In 
Japan another Palolo swarms at both full and new 
moon, i.e. at the spring tides (Izuka, Journ. Coll. 
Sci. Tokyo, 1903), while in the Atlantic a third species 
has similar habits (Mayer, Carnegie Inst. Pubs., 
1909). Odontosvllis in Bermuda (Galloway and Welch, 
Tr. Am. Micr. Soc., 1911) and British Columbia 
(Potts, Proc. Camb. Phil. Soc., 1913), and Nereis 
(Lillie and Just, Biol. Bull., 1013) and Platvnereis 
(Just, Biol. Bull., 1QI4) at Woods Hole, Massa¬ 
chusetts, have been shown to swarm at one definite 
phase of the moon, whereas Nereis at Naples (Hempel- 
mann, Zoologica, 1911) swarms at about the first 
and third quarters. The latter bi-lunar, i.e. 
apparently tidal, periodicity is remarkable, since the 
tidal range at Naples is much smaller than at Woods 
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Hole. Another Polychaete, Amphitrite, lays its eggs 
at new and full moon spring tides at Woods Hole 
(Scott, Biol. Bull., 1909), as does also the Turbellarian 
Convoluta in Brittany (Gamble and Keeble, Quart. 
Journ. Micr. Soc., 1903). 

To my knowledge the only other case of reproduc¬ 
tive periodicity in animals correlated with the lunar 
period is in the human race. Arrhenius (Skand. Arch, 
f. Physiol., 1898) showed statistically that there exists 
a low correlation between the menstrual period and 
the (tropical) lunar month. In addition, _ he found 
traces of a consequent tropical lunar periodicity in 
birth frequency. 

The only authentic cases of lunar rhythm in the 
reproduction of plants seem to be among the algae. 
In North Carolina Dictyota produces dne crop of 
sexual products in each lunar month (Hoyt, Bot. Gaz.. 
1907). The same plant at Naples (Lewis, Bot. Gaz., 
1910), and at Plymouth and Bangor (Williams, Ann. 
Bot., 1905), has a tidal reproductive rhythm, i.e. two 
cycles per lunation, as is also the case with Sargas- 
sum (Tahara, Bot. Mag., Tokyo, 1909). 

Popular beliefs in the influence of the moon on 
plant growth are world-wide, although most of them 
are probably on a par with the superstition that 
a waxing moon increases and a waning . moon 
decreases any process, such as the acquisition of 
wealth, the growth of corns, nails, hair, etc. In 
Egypt it is said that melons and other fruits of the 
Cucurbitacese grow most rapidly on moonlit nights. 
The belief that sowing and planting must be done in 
a waxing, and reaping and cutting in a waning, moon 
is very widespread. As regards cutting, experiments 
made recently in Trinidad by Rorer have proved the 
superstition to be without foundation. It is conceiv¬ 
able, nevertheless, that moonlight may have a photo¬ 
synthetic effect. Kofoid (Bull. Ill. State Lab. of Nat. 
Hist., 1903 and 1908) and Allen (Univ. Cal. Pubs. 
Zool., 1920) have found a maximum frequency of 
plankton algae in certain North American rivers oc¬ 
curring at full moon. Kofoid attributes this to lunar 
photosynthesis, quoting experiments of Knaute (Biol. 
Cetttralbl., 1898) in support of his hypothesis. Owing 
to the great importance of this possibility, and since 
Knaute obtained a surprisingly large amount ©[photo¬ 
synthesis in moonlight, I am at present repeating his 
work. 

I should be grateful if readers of Nature would 
communicate to me popular beliefs in lunar in¬ 
fluence on animals or plants. It is possible that some 
of them may prove upon investigation to be as well 
founded on fact as the case of Diadema. 

H. Munro Fox. 

School of Medicine, Cairo, January 25. 


Research Degrees and the University of London. 

There are at present four degrees in the faculty 
Of science of the University of London which may 
be granted for a research thesis, namely, D.Sc., 
Ph.D., M.Sc., and (in exceptional cases only) B.Sc. 
If a recent report by a sub-committee of the Academic 
Council should be finally adopted by the University, 
these four will be reduced to two, D.Sc. and Ph.D., 
while a new series of examinations will be introduced 
for M.Sc. As I feel very strongly (with many of my 
geological colleagues) that this would be a mistaken 
oolicy, I venture to ask for space in the columns of 
Nature to state my reasons for that feeling. 

It would scarcely be necessary to refer to the case 
of B.Sc. by research but for the serious misconcep¬ 
tions on the subject shown in the sub-committee’s 
report. The granting of this degree is a very rare 
event, and I have no personal knowledge of any case 
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